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UGHTNING PROTECTION MEANS FOR A WIND TURBINE 
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CAC I gCtriOUWD or THE TWrWTIQ M FIELD OF THE rNVENTTON 



The present invention relates to a wind turbine with Ughtnlng protection means, said 
means comprising means for conducting an electrical current Induced by a lightning, said 
means capable of conducting the electrical current from blades of the wind turbine and to 
the nacelle Of the wind turbin e, fflrp" 0 * 1 the hub and to a stationary oart of the wind 
turbine by leading the electric conductor means past a flange for mounting the hub to a 
main shaft o f tha wind turbine, said stationary part of the wind turbine being stationary in 

relsttgn to th* mounting fianqg dqrirm operation of thQ wfrd tun>*ne. 



15 BACKGROUND OF THE INVENTION 

Different kinds of means are known for protecting electrically Fragile parts of wind turbines 
from lightning. One kind of means Is Intended for avoiding the electrical current from a 
lightning striking the blades of the wind turbine from entering the generator and other 
20 electrical and electronic components situated in the top of the wind turbine. This Is done by 
conducting the electrical current from the blades to the tower of the wind turbine and to 
the ground. 



WO 01/B6144 describes a wind turbine with such a lightning protection system. The 
25 lightning protection system comprises a rod mounted to the blades of the wind turbine. 
The stick Is mounted at the base of the blades, The rod is intended as lightning conducting 
means conducting the lightning from the base of the blades to a conducting ring mounted 
co-axJally around the main shaft, outside the housing of the nacelle. From this conducting 
ring the electrical current Is conducted through the machine carrying elements provided in 
30 the nacelle and further on to the tower along a slip means provided at the yawing gear. 
Thereby,, the conducting of the electrical current Is Independent of the actual rotary 
position of the machine carrying elements In the nacelle compared to the tower. 



The apparatus described in the above WO-publicatjon is said to be capable of ensuring that 
35 no electrical current from the lightning damages the electrical and electronic components. 
However, the Invention is not so described as to enable the person skilled hi the art to 
obtain this object. Also, the means by which the lightning protection is provided has 
disadvantages. Firstly , providing a separate conducting ring outside and around the entire 
nacelle demands a very targe ring and when mounted, though very difficult, inflicting the 
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aerodynamic properties of the wind turbine nacelle. Also, how the large conducting ring is 
suspended In relation to the machine carrying elements of the nacelle Is not described. 
Accordingly, the mounting of the conducting ring, which, as mentioned, is one of the major 
disadvantages of the apparatus, Is not mentioned. Therefore, the person skilled In the art 
5 will not only be posed to the disadvantages apparent from the description, Le. the large 
conducting ring, but will also have to apply a very Inventive skill In order to overcome the 
problem of how to mount the large conducting ring. 

pf t<37 AS 71S des c ribe a llohtnina Protection system comprising at teast TVQ CvntiuClffl S 
10 inside the turbine blade. T h * one conductor leads to one Side Of B trangfprmqrr FaM 
"") transformer hafnn capable of oeneraHna electrical current In the CPndiJrtPr ftf hestqifmlha . 

blade. However- the onaconducftor al s o functions as llnhtnlno conductor. In this case, fog 
inductor is connected either directly to the hub as shown In fig, 1. or a sePftratfilim 
nmxyH^ri arot iryl th+ main p*le and outside the nacelle of the wind turfrlne « s 5 ^ owr > 10 ^ j 
15 2. of to a separate lightning rod as s h own in fio. 3 and situated outsldg the nscel'e and 
conducting t^ ? »n**inino voitaqe to a nY pietai part In the vidntv of Thft lightning iwri. 

EEJLZlfi 495 describes a Hgja fcnjlKI conductor very like the one shown nnd described In 
wn fl j/aaaa, th»s- a separate conduc tor rlno is provided around thg main shaft outside 
20 the nacelle. A conductor n »a*e r also provided outside the nacelle conducts the lightning 
fbrjTi the separate conductor rlno to t he tower of the wind turbine and tfrerefrom tP the 
grpjjfljja The liohtninn voltaoe Is passe d from the turbine blade via a SParfcqaPJP.the 
separate conH.icfrnr ring- from the se p arate conductor lino via a soark gap to the Eenanate 
conductor plate pnri from the fseoarate conductor plate via a spark gap to the tower, 

25 

v ) FP l lSd 537 ri P c:rrife« a l iohrnlno conductor comprising a slip rino Provided around the 

main shaft an d ^ rushes o ^ na "ahtnlnq voltaoe from the slip ring to 9 fored Structure 
^i red to the bor V nf the wind turbine. The fixed structure serves as a protectlonshlMd 
far Hie nenerator of the wind t urbine. The lightning voltaoe is passed from lightning 
30 conductors In Hig blade al o ng an exteriorly placed cable to the slip ring, and from fog FllR 
ring fa brushes and the protection shield being part of the fixed structure of turbin e, , 

It Is the object of the present Invention to provide a lightning protection means for a wind 
turbine, said means providing the necessary protection of the electrical and electronic 
35 components of the wind turbine, and being easy to Install, both in the sense of the 
craftsman-like skills necessary, and also in sense of the number of and the type of 
components used, seeing that the lightning protection means Is to be Installed and 
serviced In the nacelle of the wind turbine, high above ground level or sea level. 
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SUMMARY OF THE INVENTION 



; , ) 



This object Is obtained by wind turbine lightning protection means, said means- comprising 
means for -txmducting 'an-etaetricd current Induc e d - by a - flghtnlng, sa i d means copabto - of 
eojrriuctlng - the^eetrlcafr^ from blades of the - w i nd turbinc - ond to the basis of the 
I said -means CTnprlGln^K^icsri conduefcof means pooping otong-thc 
ades f - through- the- hub - and to a stationary par fe- of th e wind tu r bi ne by l ea ding 
thc^tectrki<gnditc^ foe mounting the hub to a ma)n shaft of the 

10 wl nd -t urf?ina oaM - gtationory part of the w ind turb i ne being station a ry in rotation to the 
mounting flange during - operation of - the w i nd turtrinGwhere leading of the electrically 
eonduetifio means pastthp mo unting flange Is established bv one o f the following rnfeans: 

fanning m^ns proved in or gifted to the circumference of thfi minting flangg for 
fastening the electrically conducting mgansfr* *i g gjregmferen^ of the mwngng flangg, or 

15 thmuah-QDinn holes in the mounting fianoa for passing the electrically conducting jmeans 
through the mounting flange. 

By leading the electrical current along the electrical conductor through the hub, ail of the 
lightning protection system will be kept within the boundaries of the hub, thus neither 

20 necessitating specially adapted means for suspending the lightning protection means to 
the hub or the nacelle, nor obstructing or Impeding the aerodynamic properties of the wind 
turbine. However, passing the electrical conductors through the hub incur problems when 
having to pass the electrical conductors from the hub to the tower. This is accomplished by 
passing the electrical conductors either past the circumference of the mounting flange of 

25 the hub or by passing the electrical conductors through holes in the mounting flange* 
Tharehv. all of the lightning protection sys tem will fre k ept within the boundaries of the 

nacelle as^eH thus alsq assfcthg in not observing ?r irnpeflirfi tha jRmrimsuflfc 

properties of the wind turbine. 



30 Passing the electrical current from the mounting flange to the nacelle may take place in 
any suitable manner. However, due to the fact that the mounting flange is rotating along 
with the main shaft and the hub, when the wind turbine Is functioning, the present 
Invention, in a preferred embodiment, makes use of special provisions for passing the 
electrical current from the mounting flange to a stationary part of the wind turbine. 



35 



In a first embodiment, the electrically conducting member comprises an annular member 
provided around the main shaft or the wind turbine, and said annular member being 
electrically Insulated from the mounting flange and from the main shaft, and where the 
annular member Is attached to the mounting flange, thus rotating with the mounting 
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flange, the main shaft and the hub during operation of the wind turbine, and where slip 
means are provided between the annular member and the stationary part of the wind 
turbine, said slip means conducting the electrical current from the annular member to the 
stationary part. 

5 

In a second embodiment, ttie electrically conducting member comprises an annular 
member provided around the main shaft of the wind turbine, and said annular member 
being electrically Insulated from the mounting flange and from the main shaft, and where 
the annular member is attached to the stationary part of the wind turbfne, thus not 
10 rotating with the mounting flange, the main shaft and the hub during operation of the wind 
turbine, and where slip means are provided between the annular member and the 
mounting flange, said slip means conducting the electrical current from the mounting 
flange to the annular member. 



15 In principle, there Is no difference in the individual parts and the function of the first 
embodiment and the second embodiment for passing the electrical current from the 
mounting flange to the tower via a stationary part of the wind turbine fn relation to the 
mounting flange. The only difference is, whether the annular member Is attached to the 
mounting flange and thus rotates along with the flange during operation of the wind 
20 turbine, with the lightning current receptors being stationary, or whether the annular 
member In stead Is mounted to the stationary part of the wind turbine in relation to the 
mounting flange and thus the lightning current receptors being attached to and rotating 
along with the mounting flange during operation of the wind turbine. 

25 The slip between the lightning current receptors and the annular member may also be 
) accomplished in different ways. By slip is meant slip in Its broadest understanding, i.e. not 

in the strict electrical understanding, the slip means thus being means allowing a mutual 
displacement between the annular member and the stationary par^ but still being capable 
of conducting the electrical current induced by a lightning striking one or more of the 
30 Hades of the wind turbine and being passed to the slip means. 

One embodiment according to the Invention makes use of metal brushes constituting the 
tip oFthe lightning current receptors. A second embodiment makes use of carbon brushes 
constituting the tip of the lightning current receptors, such as frequently used In electrical 
35 generators and electrical motors. A third and preferred embodiment makes use of a small 
gap between a pointed tip of the lightning current receptors and the annular member, thus 
creating a spark, when the current is led from the mounting flange to the stationary part. 

AMENDED SHEETS 



Printed: 104)3-2^)04 

" liti£ 7L v a'4 i 1 : '47 ' FAX 



DESCPAMD 



Attorney Docket No. 4772-01 09PUS1 

Application No, 10/517,068 
, Substitute Specification - Marked 

EP03732247.fi - RCTDK D3 00413 



32267PC01 



10 



An overall object of the different possible embodiments according to the invention for 
conducting the electrical current from the blades of the w >"d turbine to the stationary part 
In relation to the mounting flange is to avoid electrical current being passed through 
sensitive parts and components In the nacelle and possible other parts of the wind turbine* 
Thus, it Is Important to assure that parts such as bearings and components such as the 
generator will not be affected by the electrical current induced by the lightning and being 
passed to the stationary part In relation to the mounting flange. A stationary part in 
relation to the mounting flange may be any part of the wind turbine apart from the blades, 
the hub and the main shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Invention will now be described with reference to the accompanying drawings, where 



0 



15 fig. 1 Is a perspective view of an embodiment of the lightning protection means according 
to the Invention, also with other parts the wind turbine shown, 
fig. 2 Is a perspective view of the embodiment viewed from the side and showing the 
pathway for the current when passing from the hub to the tower, and 
fig, 3 Is a perspective view of the embodiment viewed from the behind r also showing the 

20 pathway for the current when passing from the hub to the tower 

fig. 4 is a perspective view of another embodiment of the lightning protection means 
according co the invention, also with other parte the wind turbine shown, 
fig. 5 Is a cross-sectional and perspective view of parts of the other embodiment of the 
lightning protection means according to the Invention, 

25 fig. S is a perspective view of parts OF the other embodiment of the lightning protection 
means according to the Invention, also with other parts the wind turbine shown, 
fig, 7 is a perspective view of static discharge unit provided in addition to ansd as a 
supplement to the lightning protection means according to the Invention, 
fig. 8 is a perspective view of a possible embodiment of a lightning current receptor 

30 constituting part of the lightning protection system according to the Invention 

fig. 9 is a perspective view of a possible other embodiment of a lightning current receptor 
constituting part of the lightning protection system according to the invention 
fig. 10 Is a perspective view of a possible yet other embodiment of a lightning current 
receptor constituting part of the lightning protection system according to the invention 

35 fig. 1 1 is a cross-sectional view of the possible yet other embodiment of a Jightning current 
receptor constituting part of the lightning protection system according to the invention. 



DETAILED DESCRIPTION OF THE INVENTION 
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Fig. 1 is a view showing parts of a wind turbine with lightning protection means being 
installed. The parts of the wind turbine are a nacelle 1 being in connection with a tower 
(not shown) of the wind turbine, a main shaft 2, a front bearing 3 for the main shaft, and a 
mounting flange 4 constituting a part of the main shaft, and for mounting a hub (not 
5 shown) to the front end of the main shaft » The bearing 3 Is secured to the nacelle 1. 

The lightning protection means comprises electrical conductors 5 intended fbr passing 
inside the shelf of the hub. Insulating sleeves 6 Intended for passing the electrical 
conductors through specially adapted holes 7 (see fig. 2) in the mounting flange and an 
10 annular member 8 (see fig, 2) being attached to the mounting flange by means of 
' ^} bushings 9 (see fig. 2) and Intended fbr rotating with the mounting flange when the wind 

turbine is functioning. 

Thus, the electrical conductors lead from the base of the blades (not shown) of the wind 
15 turbine, Into the hub (not shown) Into the specially provided holes 7 In the mounting 
flange and to the annular member 8 attached to the opposite side of the mounting flange, 
namely the rear side of the mounting flange, compared to the front side of the mounting 
flange, onto which front side the hub is mounted by means of the mounting holes shown 
provided in the outer vicinity of the circumference of the mounting flange, 

20 

In an alternative embodiment, the electrical conductors do not pass through holes In the 
mounting flange, but pass the circumference of the mounting flange so that specially 
provided holes need not be provided In the mounting flange. In an embodiment lite this, 
notches may be formed In the circumference of the mounting flange, or even easier, 
25 damps may be attached to the mounting flange, said damps fastening cables or other 
) electrically conducting means to the circumference of the mounting flange. 

Fig* 2 and fig. 3 are close-up views seen substantially from the side and seen from the 
rear, respectively, of how the lightning protection means Is placed In relation to each other 

30 and In relation to the parts of the wind turbine. As mentioned above, the electrical . 

conductois S pass from the hub {not shown) through the specially provided holes 7 in the 
mounting flange 4. As mentioned, electrically insulating sleeves (see fig. 1} are provided In 
the holes 7 for electrically insulating the electrical conductors 5 from the mounting flange 
4. However, if the electrical conductors themselves are provided with Insulation thick 

35 enough, the electrically insulating sleeves may be omitted. 

In the embodiment shown, three electrical conductors are shown, one from each blade of a 
conventional wind turbine, and three corresponding holes are provided In the mounting 
flange. However, wind turbines having another number of blades may be provided with 
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another number than three electrical conductors and corresponding holes. However, wind 
turbines having three blades may nevertheless have all three blades connected to one and 
the same conductor passing though only one hole In the mounting flange. 

5 When the electrical conductors 5 have passed the mounting flange 4 through the holes 7, 
the electrical conductors are passed to the annular member 8. The annular member is 
electrically Insulated from the mounting flange by being attached to the mounting flange 
using electrically Insulating bushings 9 establishing a certain arial distance between the 
mounting flange and the annular member. Opposing the annufar member/ a number of 
10 lightning current receptors 10 are provided. 

The lightning current receptors 10 are mounted In a ring 11 being electrically In contact 
with the basis of the tower, i.e. the ground of the sea, either along the tower Itself or along 
wires leading through the tower to the basis. The electrical contact may be provided 

15 through the bearing 3 for ttie main shaft 2, or it may be provided separate from the 
bearing. The number of lightning current receptors Is arbitrary . The lightning current 
receptors have a pointed tip, and a small gap (not shown) fs provided between the pointed 
tfp of the lightning current receptors and the annular member. The size of the gab depends 
on the number of lightning current receptors and depends on the size of electrical current, 

20 which is expected during lightning, or which Is Intended for being conducted from the 
blades of the wind turbine and to the ground or sea. Preferably the size of the gab is 
between 1 mm and 10 mm, more preferably between 1 mm and 5 nun. 



In alternative embodiments, the current Is passed from the annular member to the 
25 lightning current receptors by means of metal brushes or carbon brushes constituting the 
tips of . the lightning current receptors In stead of the pointed tip and abutting the annular 
member, thus passing the electrical current form the annular member to the lightning 
current receptors without creating a spark. 



30 Figs, 4-7 are different views of another possible embodiment of a lightning protection 
system- Rg. 4 shows from the rear side 4& of the mounting flange 4 the main shaft 2 of 
the wind turbine together with the front bearing 3 of the main shaft Trie mounting flange 
4 of the main shaft Is shown with a plurality of holes for mounting the hub (not shown) of 
the wind turbine to the main shaft 2. Electrical conducting cables 5 lead from the hub (not 

35 shown) to Insulating sleeves 6 with further electrical conductors Inserted into specially 
adapted holes 7 (not shown) in the mounting flange 4. After having been passed trough 
the mounting flange 4, the electrical conductors 5 are being led to the annular member B. 
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Fig. 5 shows in greater detail and in a cross-sectional view the leading of the electrical 
conductors 5 through the mounting flange 4 and to the annular member 8. An electrically 
Insulated cable 5 such as a standard cable gland PG29 with amour earth ring and metric 
wire is situated In the hub and lead from one of the blades mounted to the hub* As 
5 mentioned, a specially adapted hole 7 Es provided In the mounting flange 4. Through the 
hole 7, a standard APE constituting the Insulating sleeve 6 Is passed through the hole 7 to 
the annular member B. The cable 5 fs attached to a proximate end 6A of the APE by means 
of a cable plug 12, The annular member S Is attached to a distant end 68 of the APE by 
means of small bolts 13> in a possible embodiment as shown, the bolts 13 have bolt heads 
10 being flush with or at least not extending beyond the surface SB of the annular member 
) facing lightning current receptors (see fig. 6-11). The annular member B Is secured to a 

rear side of the mounting flange 4 by means of electrically insulating Insulators 9. 

The electrically insulating Insulator? 9 are standard insulators being provided with threaded 
15 bolts in one end (see fig, 7), and around the body of the insulator means for rotating the 
Insulator Es provided, such as a six-edged circumference 14 as shown for rotating the 
Insulators by means of a wrench. When rotating the Insulator the threaded end (see fig. 7) 
in the one end of the Insujator Is screwed into a corresponding threaded hole (not shown) 
in the rear side of the mounting Range. A threaded hole in the other end of the insulator Is 
20 used for accommodating a correspondingly threaded bolt screwed Into the threaded hole 
(not shown) through a hole (not shown) In the annular member 4. 

Alternatively, the insulator 9 may be provided with threaded bolts in both ends, and the 
annular member being provided with a correspondingly threaded hole, Rotation of the 

25 Insulator 9 will thus result in each of the threaded bolts being screwed into the 
) corresponding threaded holes in the mounting flange and in the annular member, 

respectively. By any of the two attachment possibilities mentioned, an easy and secure 
attachment of the annular membra- to the rear side of the mounting flange Is obtained- If 
the annular member were to be attached to the bearing In stead, similar attachment as the 

30 ones described above could easily be adapted. 

Rg. 6 shows a different view than the view shown In ftg. 4, namely the lightning protection 
system seen from the front side 4A of the mounting flange 4. For the sake of clarity, the 
mounting flange 4 Is however not shown. Also the main shaft 2 is not shown, but the front 
35 bearing 3 of the main shaft is shown. 

As can be viewed, the embodiment comprises the electrical conductors S such as cables, 
one for each of the blades of a preferred wind turbine. However, it will be possible to apply 
more electrical conductors than only one for each blade, and it will be possible to apply the 
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lightning protection System with wind turbines having another, number of blades such as 
one Made, two blades or more than three blades. Finally, it will be possible to connect the 
electrical conductors from each blade to one common conductor Inside the hub r and just 
pass the one conductor to the mounting Flange and further on to the annular member. 



The annular member 4 extends along an entire circular circumference. It will be possible, 
although not preferable, to divide the annular member Into a plurality of sections, perhaps 
three sections, one section for each electrical conductor* If only one of the blades during 
lightning Is struck by a lightning, only the electric conductor from that blade and thus only 
ID the section of the annular member, onto which that electrical conductor is attached, will 
pass the electrical current to the stationary part The other sections of the annular member 
will not participate En the conducting of the electrical current from the one blade. 



Rg. 7 shows a possible embodiment of a unit 15 capable of discharging any static 
15 electricity that may be formed between the annular member 8 and the stationary part of 
the nacelle, onto which the electrical current Is passed from the annular member 8. In the 
embodiment shown, the electrical current is passed from the annular member 8 to a front 
cover plate of the front bearing 3 of the main shaft Accordingly, the static discharge unit 
15 is mounted to the front cover plate. The static discharge unit 15 consists in a brush 
20 mounted to the front plate of the bearing through electrically insulating insulators 9, the 
proximate end of which holds the discharge brush IS by means of bolts or nuts and the 
distant end of which is secured to the front plate of the bearing. 



A threaded bolt 16 Is shown extending from the one end of the Insulator 9, and the 
25 function of which is described with reference to fig. 5- In the embodiment shown (see fig. 
6} only one static: discharge unit IS is provided. However, It will be possible to provide 
more than one static discharge unit 15, and it will be possible to provide the one or more 
static discharge units 15 to other elements In the nacelle than the front plats of the front 
bearing of the main shaft. Alternatively to the static discharge unit shown in fig. 5, a 
30 resistor could be provided over the Insulator attaching the annular member to the 
mounting flange. 



Figs. 8-11 show different embodiments of the so-called lightning current receptors 10. The | 
lightning current receptors are intended for establishing the slip connection between the 
35 annular member 4 and tire front bearing of the main shaft, the stationary part Inside the 
nacelle, which the current, in the embodiment shown, initially is passed on to, 



Fig. 8 shows a first embodiment of a lightning current receptor 10 similar to the lightning 
current receptors shown In fig* 1-3. The lightning current receptor consists in a base 17 
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and a pointed tip 18, said pointed pin directed towards the annular member 4- The base 
17 fs by means of a bolt 19 secured to the front bearing 3 of the main shaft- A gap is 
providing a distance between the annular member 4 and the very point of the pointed tip 
18. 

5 

When electrical current is established from a lightning striking one or more of the blades of 
the wind turbine, the current is conducted to the annular member. A spark will be formed 
between the annular member and one or more or the tips of the pointed pins of the 
lightning current receptor. From the lightning current receptors, the current will be passed 
10 further on along the front bearing of the main shaft to stationary parts uf the wind turbine, 
such as the tower and further down the tower to the ground. 

Fig. 9 shows a second embodiment of a lightning current receptor a little different than the 
lightning current receptors shown In fig. 1-3* The lightning current receptor consists in 

IS plate member 20 having a tip consisting in pointed prongs 21 f said pointed prongs 21 
directed towards the annular member 4. The plate member is by means of a bolt 19 
secured to the front bearing 3 of the main shaft A gap Is providing a distance between the 
annular member 4 and the pointed prongs 21. The plate member Is bent In such a manner 
that the radial drstance between an Inner circumference of the annular member and the 

20 prongs of the lightning current receptor Is smaller than an axial distance between the 
surface 4B of the annular member 4, and facing the bearing 3, and the prongs 21 of the 
lightning current receptor. 

When electrical current is established from a lightning striking one or more of the blades of 
25 the wind turbine, tfie current is conducted to the annular member* A spartc wlli be formed 
between the Inner circumference of the annular member and the pointed tips of one or 
more of the plate members constituting the lightning current reception From the lightning 
current receptors, the current will be passed further on along the front bearing of the main 
shaft to stationary parts of the wind turbine, such as the tower and ftjrther down the tower 
30 to the ground- 
Fig. 10 shows a second embodiment of a lightning current receptor a little different then 
the lightning current receptors shown In fig- 1-3. The lightning current receptor consists in 
plate member 20 having a tip constituted by pointed prongs 21, said pointed prongs 21 
35 directed towards the annular member 4. The plate member 20 Is by means of a bolt 19 
secured to the front bearing 3 of the main shaft A gap Is providing a distance between the 
annular member 4 and the pointed prongs 21. The plate member Is not bent, as Is the 
plate member of the lightning current receptor shown In fig. 9, but is directed straight 
towards the annular member. Thus, the distance between the annular member and the 



AMENDED SHEETS 




* a • iq /no /omit n • ao 




™ uvy wDcicetNo. 4772^01 09PUSf 
-Application No. 10/517 068 
Substitute Specification^ Marked 



Panted! 10-03-2004 DESCPAMD EP037?2247.6 - PCTDK 03 004 1 3 : 



. 32267PC01 



11 



prongs of the lightning current receptor is the axial distance between the surface 4b of the 
annular member, facing the bearing 3, and the prongs Zl of the lightning current receptor. 

When electrical current is established from a lightning striking one or more of the blades of 
S the wind turbine, the current is conducted to the annular member. A spark will be formed 
between the surface of annular member and the pointed tips of one or more of the plate 
members constituting the lightning current receptor. From the lightning current receptors, 
the current wifl be passed further on along the front bearing of the main shaft to stationary 
parts of the wind turbine, such as the tower and further down the tower to the ground. 

10 

) Alternative embodiments to the ones shown in fig, B-1D may be the following: The pointed 

tips of the lightning current receptors need not be pointed tips but may Instead be tips 
with no pointed shape, such as cylindrical shaped tips. The lightning current receptors 
need not constitute single separate members in relation to the number of lightning current 

15 receptors. The pointed or non-pointed tips of the receptors may be constituted by a ring 
encircling the front plate of the bearing, said ring being provided with tips at selected 
positions along the circumference of the ring, and said tips extending axlally from the ring 
towards the annular member. The gap established between the annular member an the 
pointed or non-pointed tips of the lightning current receptors may be established along the 

20 outer circumference of the annular member as an alternative to along the inner 
circumference or along the surface facing the receptors. 

fig. 11 is a cross-sectional view of the embodiment shown in fig. 10. Trie electric cable is 
received from the hub of the wiend turbine and attached by means of cable plug to the 
25 Insulating sleeves such as an APE having a core for conducting electrical current The 
• electrically insulating sleeve is supported In a hole provided in the mounting flange for 

mounting the hub to the main shaft of the wind turbine. The Insulating sleeve with the 
conducting core Is attached to the annular member. The annular member is secured to a 
rear side of the mounting flange by means of electrically Insulating insulators, 

30 

During operation of the wind turbine, the mounting flange together with the main shaft will 
rotate. Thus, also the electric cables, the Insulating sleeves with the conducting core, the 
annular memeber and the insulators attaching die annular member to the rear side of the 
mounting flange will all rotate together with the mounting flange, the main shaft, the hub 
35 of the wind turbine and the blades of the wind turbine. 

During operation, the front bearing of the main shaft will however not rotate. Accordingly, 
the lightning current receptors, which are secured to the bearing, wifl not rotate, either. 
Therefore the gap between the annular member and the pointed tips or tips of the 
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lightning current receptors is established. By adjusting the position of the lightning current 
receptors ft will be possible to adjust the magnitude of the gap, i.e. the distance between 
the annular member and the tips or tips of the lightning current receptors. By adjusting 
satd distance, it is possible to adjust at which potential difference a spark wilt be formed In 
5 the gap between the annular member and ;the tips or tips of the lightning current 
receptors* 



Generally speaking, during lightning, the blades of the wind turbine may be struck by a 
lightning. Hie blades are provided with electrical conductors of commonly known type 
10 running along the lengths of the blades. The electrical conductors of the blades run to the 
base of the blades and the electrical current Is passed to the electrical conductors 
constituting part of the present invention. The electrical current Is then passed along the 
electrical conductors of the invention from the base of the blade Inside the hub, through 
the mounting flange and to the annular member. 

15 

When the electrical current reaches the annular member, the electrical currents pass on to 
the tips of the lightning current receptors by traversing the small gab as a spark running 
from the annular member to the tip of one* or more lightning current receptors. From the 
lightning current receptors the electrical current is passed to the ground either through the 
20 bearing and perhaps through the metal of the tower, or through specially adapted means 
(not shown) for leading the current from ttie lightning current receptors to the ground, 
perhaps along wires suspended in the tower. 

In an alternative embodiment, in stead of the annular member being attached to the 
25 mounting flange and the lightning current receptors being secured to the stationary part In 
relation to the mounting flange, the lightning current receptors may be attached to the 
mounting plate and the annular member secured to the stationary part. Thus, in stead of 
the annular member rotating with the mounting flange, the lightning current receptors will 
be rotating with the mounting flange. However, the function of the lightning current 
30 receptors and the annular member will be exactly the same, also if the lightning cumsnt 
receptors are provided with metal brushes or carton brushes at the tips In stead of being 
pointed for creating a spark gap* 
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